Background: The buccal branch of the mandibular division of the trigeminal nerve is commonly anaesthetized for dental procedures and may be damaged during surgery. Descriptions of the distribution of the buccal nerve (BN) in anatomical texts are generally lacking in detail and do not provide information about the extent of its variation between individuals. There are also commonly-held clinical beliefs about the BN that lack support from anatomical dissections. Methods: Detailed dissections of the course and distribution of the BN were performed in a sample of 12 hemi-heads from 11 edentulous and partially dentate human adult cadavers. Results: A broader distribution of the BN was found than described previously, with innervation extending to the lips in all cases. Approximately half of the lateral sides of the lips were innervated by the BN in two cases and approximately one-third of their lateral sides in the other 10 cases. Distribution of the BN to the lower lips was wider than to the upper lips. Conclusions: Our findings provide a stronger anatomical basis to underpin clinical procedures involving the BN and indicate that some commonly-held clinical views about this nerve are not supported by anatomical evidence.
INTRODUCTION
The buccal nerve (BN) is commonly anaesthetized in dental practice, either by infiltration or nerve block procedures, along with other terminal branches of the trigeminal nerve. [1] [2] [3] [4] [5] Furthermore, the BN is well known to be at risk of being injured during the extraction of lower third molars. 6 The BN (also referred to as the long buccal nerve) is typically described in anatomy textbooks [7] [8] [9] and anatomical studies [10] [11] [12] as a sensory branch of the mandibular division of the trigeminal nerve that innervates the entire mucosa of the cheek, as well as the skin around the angle of the mouth. It is often described as having a common origin with the anterior deep temporal nerve [13] [14] [15] [16] and the nerve to lateral pterygoid. 13, 14, 16 In Gray's Anatomy, 17 the BN is described as supplying 'sensation to the skin over the anterior part of the buccinator and the buccal mucosa, together with the posterior part of the buccal gingivae adjacent to the second and third molar teeth'. Gray's Anatomy 17 also describes a motor component to the BN but this reflects a difference in defining the actual origin of the BN compared with most texts that consider that the BN only originates after branches have been given to masticatory muscles from the anterior branch of the mandibular nerve.
After the BN passes between the superior and the inferior heads of the lateral pterygoid muscle, it descends forward on the inferior head of the lateral pterygoid muscle, perforates the temporalis tendon that is inserted into the anterior border of the mandibular ramus, and then runs on the surface of the buccinator muscle. Here, it forms a plexus with the facial nerve (FN), infra-orbital nerve (ION) and mental nerve (MN). [18] [19] [20] Finally, the BN supplies the skin around the angle of the mouth and gives branches through the buccinator to supply the buccal mucosa.
Some anatomy textbooks describe additional distribution of the BN to the buccal gingival tissues around the lower premolar and first molar region 14 and the posterior part of the buccal surface of the gingivae. 16 Clinical studies have also reported that blocking the BN anaesthetizes part of the mucosa lining the upper and lower lips 21 and that blocking the inferior alveolar nerve (IAN) is insufficient to anaesthetize the lateral part of the lip mucosa. 12, 22 Descriptions of the distribution of the BN in anatomical texts are generally lacking in detail and they do not provide information about the extent of variation in distribution of the nerve between individuals. Furthermore, clinical studies of its distribution, based on local anaesthesia, are limited by overlap of its distribution with other adjacent nerves. 12 There are also some commonly-held clinical beliefs about the BN that appear to lack support from anatomical dissections. 23 In the current study, the distribution of the BN is described in detail and also the extent of its variation between individuals to provide a sounder anatomical basis to clinical practise. Specifically, the path of the BN is considered in the region of the insertion of the tendon of temporalis, as well as the extent of its innervation to the buccal mucosa and the buccal gingivae, and whether it innervates the mucosa of the lips. These findings are used to consider the validity of some commonly-held clinical views relating to local anaesthesia of this nerve.
METHODS
Twelve hemi-heads from 11 edentulous or partially dentate cadavers were dissected in the Ray Last Anatomy Laboratory at The University of Adelaide, under ethical approval for teaching and research as stated in the Body Donation Program and the Anatomy Act South Australia. All cadavers were South Australian adults of European ancestry. The skin of the parotid region and cheek was reflected. The branches of the FN were carefully dissected while removing the subcutaneous fat and parotid gland. The zygomatic arch was cut and reflected with the masseter muscle while preserving the superficially-related FN branches. The BN was identified and its branches traced distally. When plexuses between the FN and the BN were encountered, the branches of the BN were carefully dissected with fine tweezers under magnification using the technique of nerve fibre analysis. 24 In this method, the epineurium was peeled back and the bundles of the BN were preserved at the expense of the FN branches.
The periosteum along the body of the mandible, below the attachment of the buccinator muscle, was incised and lifted with the remaining insertion of the buccinator and the gingival tissues. The osseous tissue of the mandible was removed carefully. The double flap of the periosteum and gingivae was reflected down to observe the distribution of the BN at the insertion of the buccinator and above that to the mandibular gingivae from the bone side ( Fig. 1) .
Subsequently, the buccal fat pad and connective tissue surrounding the BN were removed. Finally, the muscle fibres of the buccinator, orbicularis oris and modiolus that cover the BN were removed carefully, to confirm the distal-most distribution of the BN. For morphological examination, photographs (Ricoh K-5IIS, Tokyo Japan) and drawings (Adobe Systems Photoshop CS5; San Jose, CA, USA) were made from the lateral aspect of the hemisected heads.
RESULTS
In all cases, some twigs from the BN were given to the posterior part of the buccal mucosa. These twigs branched from the main trunk of the nerve before it perforated the insertion of the tendon of the temporalis (Figs. 2 and 3). On superficial examination, the BN appeared to give branches only to the buccal mucosa. However, detailed fine dissection, after removal of the mandibular bone and reflection of the periosteum and gingival flap downwards (Fig. 1) , revealed that these twigs ran to and supplied the lower buccal gingivae above the mandibular insertion of the buccinator. In contrast, no twigs were seen travelling beyond the insertion of the buccinator towards the gingivae in the maxilla (Figs. 2 and 3) .
Anteriorly, in all cases, the main trunk of the BN divided into two branches (towards the upper and lower lips) and, along its course, gave fine twigs to the buccal mucosa after passing through the layer of facial musculature proximal to the modiolus. At the angle of mouth, the BN formed a plexus with the FN, the ION and the MN. BN terminal branches thereafter ran deep to these three nerves. The furthest distribution of the BN branches to the lips extended to approximately half of lateral side of the lips in two cases (Figs. 2 and 3) and, in the other 10 cases, it extended to approximately one-third of the lateral side of the lips. In all cases, the distribution of the BN to the lower lips tended to be wider than the distribution to the upper lips (Figs. 2 and 3 ). Some fine twigs of the lingual nerve also branched from the trunk of the nerve to supply the lower lingual gingivae in the posterior region of the mandible (Figs. 2 and 3 ).
DISCUSSION
Studies based on the fine dissection of nerves in cadavers are limited because they only show the distribution of nerve fibres, rather than specifically testing the functional activity of the nerves. If fibres belonging to particular sensory nerves are found in specific regions, it seems reasonable to infer that these nerves would have been capable of responding to sensory inputs during life, for example, touch or pain stimuli. In areas where nerves overlap to form plexuses, it is impossible in gross anatomical dissections to tease out the distribution of every fine nerve. In clinical studies, where specific nerves are blocked with local anaesthetic solution, loss of sensation in a particular region can be used to infer the distribution of a sensory nerve. However, the issue of overlap between adjacent nerves still makes it impossible to provide definite statements about precise areas of innervation. Nevertheless, combining the findings from both anatomical and clinical studies does provide a reasonable approach for building an overall picture of innervation to areas of interest, namely, the orofacial region for oral health professionals, as well as an appreciation of the extent of variation between individuals. Another limitation of this study was that all of the cadavers were edentulous or partially dentate, so it was not possible to describe the innervation of the gingivae using teeth as reference points. Resolution of this limitation will require fine dissection of a sample of dentate cadavers.
Posterior distribution of the buccal nerve
The insertion of the tendon of the temporalis muscle was found to be an important landmark for the course of the BN and an intimate association between these two structures was confirmed. 11 At this site, twigs of the BN originate and supply the posterior part of the buccal mucosa and gingivae. Anaesthetic studies have shown that a buccal nerve block (BNB) anaesthetizes completely the posterior region of the buccal mucosa, 12, 22 and in some cases the BNB also anaesthetizes part of the mucosa of the fauces. 12 These findings indicate that the posterior buccal mucosa is innervated by the BN, and the mucosa of the fauces is innervated by the BN and other adjacent nerves, for example, the glossopharyngeal nerve.
It is therefore important clinically, when giving a BNB, to anaesthetize the nerve proximal to the branching point of the twigs to the posterior buccal mucosa and gingivae. If the BN is blocked distal to its passage through the insertion tendon of the temporalis, the posterior buccal gingivae, buccal mucosa and part of the mucosa of the fauces may not be anaesthetized.
Anterior distribution of the buccal nerve
Our results show that the BN runs deep to the ION, MN and FN branches, and forms plexuses with these nerves to the lip mucosa beyond the nasolabial sulcus. Its terminal anterior branches reach the lateral part of the upper and lower lip mucosa. A previous study reported that the BN runs anteriorly beyond the nasolabial sulcus but it did not state whether the branches innervated the skin or the mucosa. 10 Other studies have reported that a BNB is inadequate to anesthetize the upper and lower lip mucosa 21 and also that an inferior alveolar nerve block is insufficient to anaesthetize the lateral part of the lip mucosa. 12, 22 Taken with the findings of clinical studies, the current study confirms that the skin and mucosa of the lips are mainly innervated by the ION and MN, but that the lateral side of the lips is secondarily innervated by the BN. Thus, it is suggested that for dental procedures where complete anaesthesia of the lips is required, the BN should be anaesthetized in addition to the ION and MN. This could be achieved by administrating a BNB or by infiltration of local anaesthetic solution directly into the region.
Superior distribution of the buccal nerve
We did not find any nerve twigs from the BN that ran beyond the upper mucobuccal fold (vestibular fornix). This suggests that the most superior branches of the BN interface with descending branches of the maxillary nerve in the region of the upper vestibular fornix. The fact that the BN may be occasionally replaced by a branch from the maxillary nerve, as described in at least one anatomy textbook, 13 suggests that the upper buccal mucosa is potentially innervated by branches of the maxillary nerve. A previous study reported that a BNB anaesthetized only that part of the buccal mucosa that is below the papilla of the parotid duct and the buccal lower gingivae. 12 This report suggested that the mucosa above the papilla of the parotid duct is mainly innervated by branches of the maxillary nerve. These branches are probably the superior alveolar nerves, because these nerves innervate the upper gingivae and may extend into the fornix region. However, no morphological study has confirmed the precise distribution of the superior alveolar nerves in the boundary region between the upper fornix and the buccal mucosa. Nevertheless, clinical studies have shown that patients who have had a Le Fort I osteotomy did not recover sensation in their buccal mucosa to a preoperative level, 25 suggesting that the superior alveolar nerves are distributed to the superior region of the buccal mucosa.
Thus, the current study, together with the current literature, indicate that the buccal mucosa opposite the upper molar teeth represents a border area between the maxillary and mandibular divisions of the trigeminal nerve, and, in surgery of the superior region of the buccal mucosa, anaesthesia of the superior alveolar nerves is necessary in addition to the BN.
Inferior distribution of the buccal nerve
The existence of small branches from the BN that run beyond the attachment of the buccinator to the mandible and reach the lower buccal gingivae, have been confirmed in this study. Furthermore, it has been reported that the buccal gingivae in the posterior region of the mandible can be anaesthetized by a BNB alone. 12, 22 This suggests that the buccal gingivae in this region are mainly innervated by the BN, rather than the IAN.
Our results contradict a statement made by Malamed 23 in his classic text Handbook of Local Anaesthesia. He states that 'the buccal nerve does not provide sensory innervation to the lower lip or the corner of the mouth' and he stresses that this is an important issue 'because some doctors do not administer the "long" buccal injection after (an) inferior alveolar nerve block until the lower lip has become numb'. Malamed 23 explains that the reasoning for this approach by some practitioners is that it is thought that a long BNB will anaesthetize the lower lip and may then lead the practitioner to think that their inferior alveolar nerve block has been successful when it has not. Malamed 23 assures his readers that 'such concern is unwarranted' and stresses that 'the long buccal nerve block should be administered immediately after (an) inferior alveolar nerve block'. While we do not disagree with Malamed's suggestion about the timing of administration of a BNB after an inferior alveolar nerve block, his rationale for this is not supported by anatomical knowledge as we have confirmed that the BN does supply the mucosa of the lips.
CONCLUSIONS
In conclusion, the BN supplies: most of the buccal mucosa, reaching part of the fauces posteriorly; overlapping with the middle and posterior superior alveolar nerves superiorly; the lower buccal gingivae in the posterior region of the mandible, overlapping with branches of the IAN; the skin around the angle of mouth, overlapping with the ION and MN; and the mucosa of the lateral parts the upper and lower lips, overlapping with the ION and MN (Fig. 4) .
Clinically, when procedures are undertaken that involve these regions, the BN needs to be anaesthetized, in addition to the other adjacent nerves, either using a block injection or infiltration. If a BNB is used, the site of injection should be just before the buccal nerve passes through the insertion of the tendon of the temporalis, where the branches to the posterior buccal mucosa arise.
